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CHAPTER I 


PROBLEM 

The object of the research conducted and presented herein was 
to develop a system consisting of both hardware and software around the 
Intel 8086 microprocessor and utilizing a Votrax SC-01 voice synthe¬ 
sizer microcircuit. The resulting system was to provide to the speech 
handicapped individual a synthesized voice which was capable of pro¬ 
ducing a readily intelligible individualized vocabulary. This synthe¬ 
sized voice was also to be provided at an economical cost in terms of 
power consumption for portability, ease of programmability of vocabulary, 
as well as at a low dollar cost for acquisition by the speech impaired 
individual. 

In any society or group of people, a person who is different 
from the norm is at a disadvantage. The disadvantage is more serious 
if the difference is the inability to perform some function which is 
common to the norm. 

In a society, the ability to comnunicate among the members is 
essential. In most intelligent societies the primary form of communi¬ 
cation is verbal. The inability to speak thus places the individual at 
a great disadvantage. Even though there are other forms of communication 
such as written and visual (sign language) the inconvenience of writing 
and the limited knowledge by society in general of sign language is 
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indeed a handicap. The most common form of rapid, convenient, two-way 
communication, the telephone, is almost useless to many speech handi¬ 
capped individuals. 

The development of a portable synthetic voice for the speech 
impaired would allow the individual to communicate with people who do 
not know sign language; it would also enable the individual to utilize 
the telephone. The use of the telephone is especially important; it 
gives the handicapped person the independence of living alone while 
still having access to emergency services via the telephone. In order 
for the voice synthesizer to be an effective aid, it was important that 
it be portable, which requires small size, light weight, and low in 
power consumption to keep the battery requirements small. It was also 
desirable to have a device which could provide a personalized vocabulary 
(i.e. contain names of family and friends, addresses, technical terms 
for occupational use, etc.). 

While there have been many applications for voice synthesizers 
(e.g., personal computers, video games, bank automatic tellers, etc.) 
there have been few significant developments relating to the portable, 
personalized, reasonably priced units. It is to this problem that this 
report is addressed. 

The research herein consisted of the development, design and 
fabrication of hardware circuitry required to support an Intel 8086 
microprocessor and a Votrax SC-01 voice synthesizer. The control pro¬ 
gramming had to be written, debugged and integrated with the hardware to 
complete the voice synthesizer system. This project did not pursue any 
other systems' development or the comparison of this system to any other. 



CHAPTER II 


REVIEW OF RELATED LITERATURE 

Because of the specialized nature of the project which dealt 
with the Intel 8086 and the Votrax SC-01, the literature review was 
limited to technical periodicals. Also, because these devices have 
only been available for a few years, the review included only the most 
recent six years. The literature search concentrated on two principal 
areas, computer controlled voice synthesis and computer aids for the 
handicapped. 

Previous research has fallen into one of three major categories. 
First, a few technical works have been written that deal with how com¬ 
puters synthesize speech. Such work has centered around vocal tract 
modeling and linear predictive coding. This type of information, while 
of educational benefit and interest to the investigator, had little 
bearing on this project since all of the functions discussed take place 
completely within the Votrax SC-01 speech synthesizer integrated cir¬ 
cuit. The work of Gargagliano and Fons in particular was of interest. 1 
Here was given a somewhat detailed description of the non-proprietary 
aspects of the internal operation of the Votrax SC-01. 

^im A. Gargagliano and Kathryn Fons, "Text Translator Builds 
Vocabulary for Speech Chips," Electronics , February 10, 1981, p. 118. 




The second category of previous literature has dealt with 

descriptions of various aids for the handicapped. The majority of 

information available dealt with developments in the areas of mechanical 

aids. Very little work has been published that has examined aids for 

the verbally handicapped. Work that has been done has centered around 

either some form of manually controlled visual output or larger complex 

computer-based voice synthesis. Most of these descriptions were a few 

short paragraphs included in a general treatment of all types of aids 

for the handicapped. In an article by Andrew Thomas, the author did 

2 

deal exclusively with aids for the vocally handicapped. However, the 
emphasis here was on the device-to-individua! interface and the diffi¬ 
culty of designing this interface for the handicapped. All of the 
devices discussed were of the visual output variety. This work should, 
however, be of benefit when designing various input devices for a speech 
synthesizer such as the one constructed for this project. 

The final category of previous work has been in the publication 
of developments and announcements, often by corporations, which appear 
in the new products section of trade journals. The devices discussed in 
much of this work were preprogrammed with a standard vocabulary. One of 
the devices was a Votrax product (produced prior to the introduction of 

the SC-01 circuit) that could be user-programmed at the time of use by 
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entering a phoneme code sequence, but this is hardly easy. All of the 

O 

Andrew Thomas, "Communication Devices for the Nonvocal Disable," 
Computer , January 1981, p. 25. 

O 

Electronic Voice System Generates Messages for Vocally Handi¬ 
capped," Electronics , November 10, 1977, p. 32. 
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devices described in this literature had prices in excess of $1,000 with 
some over $2,000. The investigator estimated that a mass produced (100 
units or more) voice synthesizer based on the one constructed for this 
project would cost in the area of $200 including some individual pre¬ 
programming for each unit. 

The state of development of aids for the vocally handicapped was 

summed up as recently as 1981: 

The stationary nature of current microcomputers tends to 
limit them to work station application. . . . The existing 
stationary systems cannot meaningfully address the conversa¬ 
tional needs of individuals with severe speech impairments, 
but recently introduced portable and hand-held computers are 
opening up the potential for portable writing/notetaking and 
conversational communication aids. . . . 

The major barrier to using microcomputers as communication 
aids, however is the custom interfacing needed to achieve 
optimum speed. . . 4 

Since the system designed in this project uses only 12 switches for 
input, it should be easy to design various types of arrangements for 
individual handicaps not previously introduced in any other work in this 
area. 


^Gregg C. Vanderheiden, "Practical Application of Microcomputers 
to Aid the Handicapped," Computer , January 1981, pp. 54-55. 


CHAPTER III 


METHOD 

The Votrax SC-01 speech synthesizer integrated circuit was 
selected for this development project because of its phoneme based 
operation. English language speech has been divided into 46 basic 
sounds called phonemes. Words are formed by selecting phonemes in the 
proper sequence to produce the desired sound. This type of operation 
allows any word, including proper nouns, occupational peculiar terms, 
and selected phrases to be programmed using the phoneme codes. The 
basic operation of the system was to retrieve the stored phoneme codes 
and output them one at a time to form the selected word or phrase. The 
selection is made by numeric input on a keyboard. The vocabulary and 
the operating program were stored in two non-volatile memory integrated 
circuits (EPROM's), and the system was controlled by an Intel 8086 
microprocessor. 

The Intel 8086 microprocessor was selected as the central element 
for this project because of the availability of an Intel development 
system to support the checkout and debugging of the voice synthesizer. 

The development system allowed the integration of the program into the 
hardware without the need to program the EPROM's until both hardware 
and software were working as intended. The in-circuit emulation feature 
(ICE-86) permitted single step operation through trouble areas of the 
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program, execution of small sections of code for checking proper opera¬ 
tion of the code segment and/or portions of the hardware circuitry, and 
a back trace of events prior to a termination (either intended or 
failure-created). 

The Intel 8155 10/RAM was chosen because of its familiarity to 
the investigator, and because it had sufficient capacity in both RAM 
and input/output ports to support the proposed system. The remainder 
of the components were determined from design requirements to support 
the selected devices. 

5 

Circuit Description 

The Intel 8284A (Ul) provided the necessary timing and control 
signals for the 8086 microprocessor. A 15 mega-Hertz crystal was used 
to drive the clock circuit to produce a 5 mega-Hertz square wave for 
the system clock. An R-C network provided a reset signal through the 
8284A as power was initially applied when turning on the synthesizer. 
The ready circuitry was not utilized in this design and was permanently 
wired in the ready state. 

Because the 8086 multiplexes the address and data on the same 
lines, two 8282 (U6 and U7) eight bit address latch circuits were used 
to provide 16 lines of stable address inputs to the memories during 
memory access operations. The 8086 microprocessor utilizes 20 address 
lines in order to access one mega-byte of memory. Due to the limited 
size of memory in this system the four most significant address lines 

5 

Refer to the circuit diagram in Appendix A in the following 
discussion. 
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were not used. The next four address lines (A/D 12 through A/D 15) were 
used for turning on various IC's through chip enable inputs. The 
address accessed upon system reset (FFFF0) required the use of an 
inverter in the chip enable not (CTT) line for the 2716 (Ull and U12) 
EPROM's to allow system activation. The 8086 address latch enable out¬ 
put (ALE) was used to latch the address from the address/data bus into 
the 8282 latch circuits. 

The two 2716 EPROM's provided 4096 bytes of permanent storage 
for the control program and vocabulary. A proper latched address and a 
memory read not (RD) output signal from the 8086 caused two bytes of 
data to be placed on the 16 line data bus. The least significant address 
bit (A/D o) was not used for either 2716 since this bit only determines 
the high byte or low byte and the 8086 utilizes both at the same time 
and selects the desired byte internally. 

The Intel 8155 (U10) 10/RAM circuit provided the interface 
between the processor, and the keyboard and the Votrax SC-01. Because 
the 8155 uses multiplexed address/data lines, similar to the 8086, it 
contains a set of internal latches for the address, controlled by the 
address latch enable signal. The I0/M input selects whether the circuit 
input/output ports are accessed or the 256 byte random access memory is 
utilized. Because the 8086 control output is M/T0, an inverter was used 
to provide the proper signal for the 8155. The read not (RD) and write 
not (WR) inputs are directly controlled by the 8086 and determine the 
direction of flow for the data for both the 10 ports and RAM. 

Port A on the 8155 was used as an output port to supply the 
phoneme codes to the Votrax SC-01. Port B was used for inputting the 



return signal from the keyboard switches. Port C was used to output 
control signals to strobe the phoneme codes into the Votrax SC-01 and 
place select signals onto the keyboard select lines. 

The keyboard consisted of 12 switches--8 on select line 0 and 
4 on select line 1. The four switches on select line 1 were in parallel 
with the first four switches on select line 0 allowing the return lines 
to be limited to a total of eight, requiring only one input port. All 
eight return lines were individually tied to the positive five volt 
power supply through lk ohm resistors. The select line signal was a 
zero voltage which dropped the appropriate return line to zero when a 
key was pressed. This approach provided a more sure and accurate 
response than allowing the return lines to float when not switched to 
a select line. 

The Votrax SC-01 (U13) speech synthesizer circuit received the 
phoneme code inputs from the 8155 output port A. The two most signifi¬ 
cant bits of the phoneme code byte were used to vary the pitch of the 
output sound, but were not TTL logic level inputs. Thus the two tran¬ 
sistor (Q1 and Q2) circuits had to be used to raise the TTL output from 
the 8155 to a level acceptable to the SC-01. The transistor circuitry 
inverted the 8155 output but the inversion was compensated by changing 
the two bits in the vocabulary coding. The MCX and MCRC inputs were 
used to control the speed and overall pitch of the sound output. The 
acknowledge not/ready (A/R) output was used through an inverter to supply 
the test not (TEST) input for the 8086. After the program output the 
control code (through the 8155 port C), a WAIT instruction was executed 
and the 8086 waited until the SC-01 indicated its readiness for the next 
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phoneme code by placing the appropriate signal on the test not (TEST) 
pin. The sound output from the SC-01 was amplified by the LM 386 (U14) 
low voltage audio power amplifier and output to the speaker. 

Because the 8086 is a 16 bit parallel processor, two 2111A-4 
(118 and U9) 256 X 4 bit RAM circuits had to be added in parallel to 
provide for stack storage of the most significant byte of address pushed 
into the stack when subroutines were called. 

The two NANDgates and the two tri-state buffers were added during 
the system debugging and are discussed in section IV of this paper. 

Program Description 

The program had to perform five basic functions to produce the 
desired results: 

1. Initialize certain quantities following the power on reset. 

2. Scan the keyboard, convert the input switch signal to a 
binary number and temporarily store the inputted number. 

3. Convert one, two or three digit stored binary coded decimal 
numbers to binary. 

4. Find the desired word or phrase storage location. 

5. Output the phoneme codes. 

The program was written in 8086 assembly language to allow the required 
degree of control over the memory and input/output functions. The pro¬ 
gram listing containing the addresses and object code listings, and the 
pure object code for use by the actual system were assembled by the 
ASM 86 routine of the Intel development system. A copy of the assembled 
listing, including comments, is presented in Appendix C. The program 
flow chart is included as Appendix B. 
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The vocabulary consisted of a string of phoneme codes for each 
word. Each string was preceded by a byte containing the number of 
phonemes contained in a word. The phrases were constructed by listing 
the two byte address of each of the words used to make up the phrase. 

The first byte of each phrase contained twice the number of words in the 
phrase. A copy of the listing for the short test vocabulary used for 
each system check out is contained in Appendix D. 

The program and vocabulary were assembled separately, and were 
combined during the execution of the LINK 86 routine on the development 
system. The origin of all of the program segments was placed at zero 
for assembly with the actual locations loaded during execution of the 
LOC 86 routine. 

The program was entered by a jump to start instruction placed at 
the FFF0 reset address location by the RESET segment. Reset occurred 
when the power to the system was switched on. Once begun, the program 
continued to operate until power was turned off. The first lines of 
program (lines 17 through 41) were instructions for the assembler and 
were not executable code. Execution began by sending an I/O port control 
code to the command register of the 8155 circuit. A procedure (BEEP) 
was then called to output a beep sound to indicate that the system had 
been activated and was ready to receive input. 

Keyboard Scan 

The keyboard scan began initially, or after a CLEAR entry or an 
error, by clearing (filling with zeros) all of the temporary storage 
locations, digits entered storage, and the repeat indicator. This was 
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then followed by the keyboard scan instructions, which the program 
returned to after a successful key entry, or after completion of the 
output for a word or phrase. The SILENCE procedure was called to quiet 
the output from the Votrax SC-01 and the number of digits from the pre¬ 
vious entry was returned from memory storage to register storage. 

The keyboard was scanned by the two program portions called SO 
and SI. These two segments alternately placed a signal on one of the 
two keyboard scan lines and then looked at the return lines to determine 
if an entry was made. If an entry was detected it was held in register 
storage and the DELAY procedure was called to provide for contact 
debounce. The scan was then repeated and the return lines checked 
against the previously detected entry. If the two entries matched, the 
entry was assumed valid and the program continued on to process the 
entry. Otherwise, the scan proceeded to the alternate scan line. 

Convert Input to Binary, Check and Store 

Upon receiving a valid input from scan line SI, the program 
checked for the entry of the ENTER key to begin execution of the prepa¬ 
ration for output phases of the program, or the CLEAR key to output an 
error sound (BUZZ) and return to the initialization of the scan portion 
of the program. If the entry was any other key on scan line SI or any 
key on scan line S0, the program utilized a rotate right loop to deter¬ 
mine the numeric value of the key input from the position of the input 
bit. After the numeric value was obtained, the BEEP procedure was 
called to indicate a successful entry. The program then checked to see 
how many digits had previously been entered, and stored, the current digit 
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in the appropriate storage byte. If three digits had already been 
entered and another digit entry was attempted, the program went to the 
error output of a buzz and then returned to reinitialize the scan 
portion. When the entered digit had been stored, the program incremented 
the input digit count and then called the DELAY procedure. After the 
delay, the keyboard was checked to determine that the input key had been 
released before proceeding to scan the keyboard for the next entry. 

Execution After ENTER Key Depressed 

When the ENTER key was pressed the total number of digits entered 
was saved in memory for later use if the word or phrase was to be 
repeated. The digit count was then used for converting the binary coded 
decimal entry to binary. If the digit count was three then the first 
digit entered was multiplied by 100 by a series of left rotations and 
additions to the total register. The second digit was multiplied by 10 
and added to the total and then the third digit was added to the total. 
Two and one digit entries were processed in a similar fashion. 

The vocabulary was arranged with the phrases first, starting 
with zero, followed by the individual words, starting with 100. The 
program first checked to see if a number greater than the largest vocab¬ 
ulary number was entered. If so then a buzz sound, was issued and control 
was returned to the initialization of the scan routine. Otherwise a 
check was made to determine if the entry was for a word or phrase. If 
the entry was for a single word, 100 was subtracted from the entry number 
(to skip the phrases) and the address of the first single word was loaded 
into a register (SI). The FINDSTART procedure was called and returned 


the starting address for the desired word. The WORDOUT procedure was 
then called to output the word's phoneme codes to the Votrax SC-01. 

After completion of the word the program returned to scan the keyboard. 

If a phrase was selected the address of the first phrase was loaded into 
the SI register and FINDSTART was called. The first byte at the return 
address contained twice the number of words used by the phrase (two 
bytes were required for each word address). The word count was decre¬ 
mented as each word was output and when all words were completed, control 
returned to scan the keyboard. The remaining bytes of the phrase code 
contained the address for each word used by the phrase. This eliminated 
the need to search the vocabulary words for each word in the phrase. 

Each word was then output by the WORDOUT procedure. 

Procedures 

FINDSTART : This procedure received input of the base address 
for the word or phrase section and the number of the word or phrase from 
the bottom that was to be selected. The procedure retrieved the first 
byte at each successive word or phrase starting address and added the 
contents (quantity of bytes used for the word or phrase) plus one to 
the current address to obtain the starting address of the next word or 
phrase. The word or phrase number was decremented and the climb up the 
addresses continued until the selected word or phrase was reached. This 
address was then returned via the SI register. 

WORDOUT : This procedure received the starting address of a word 
of vocabulary. It retrieved the first byte at the supplied address, 
which was the number of phonemes to be output, and decremented it as 
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each phoneme was output. When this quantity reached zero the procedure 
was complete. Each successive byte, which was a phoneme code, was then 
output via the 8155 port A to the Votrax SC-01. The WAIT instruction 
preceded the output of each phoneme code and held up output until the 
SC-01 indicated readiness for a new phoneme code. After each phoneme 
code was placed into port A, a pulse was sent to strobe the phoneme code 
into the SC-01 via bit 6 of port C of the 8155. 

DELAY/PAUSE : These procedures consisted of a loop to decrement 
a number until zero was reached. DELAY started with a larger number 
and provided a time delay of approximately 10 milliseconds to slow the 
processing sufficiently for interface to the human operator. PAUSE 
provided a very short delay that was used to provide a longer duration 
strobe pulse for the SC-01. 

BEEP/BUZZ/SILENCE : These procedures output a single phoneme 
code to the Votrax SC-01 via the 8155 port A, waited for the SC-01 ready 
indication and strobed the SC-01. BEEP and BUZZ were used to provide 
an audible output indication for some action, and SILENCE was used to 
shut off any audio output when no specific sounds were desired. 

Implementation 

The hardware circuitry was built on a bread-board using a com¬ 
bination of soldering and wire wrap. The wiring was checked with an 
ohmmeter and then the integrated circuits were installed in the wired 
sockets. The program and test vocabulary were entered into disc files 
using the Intel development system. The files were then assembled, 
linked and located by ASM 86, LINK 86, and LOC 86 respectively also on 
the development system. 
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An in-circuit emulator (ICE-86) was used to couple the bread- 
boarded hardware to the development system. The emulator allowed for 
check out of the hardware and debugging of the program prior to having 
programmed EPROM's for the circuit. 
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FINDINGS 

During the check out and debugging of the system it was discov¬ 
ered that access to the two output ports (A and C) on the 8155 was not 
possible. The cause was traced to an operating characteristic of the 
16 bit 8086 processor. When odd addresses are specified the data for 
those addresses appears on the high order byte lines (A/D 8 through 
A/D 15). The addresses for ports A and C were 1 and 3 respectively and 
the 8155 was only connected to address/data lines 0 through 7. This 
meant that data for these two ports was not available to them. The 
easiest correction for this problem appeared to be to use an even 
address to access ports A and C. This required that an unused higher 
order address bit (A/D 8) be used and combined with bit A/D 0 only when 
output to ports A or C was required. This was accomplished by the addi¬ 
tion of two NAND gates and an inverter to connect line A/D 8 to line 
A/D 0 when an input/output signal and an address latch enable signal were 
present. See Appendix A. The port addresses for ports A and C in the 
program had to be changed to accommodate the new circuitry and the even 
address requirement. The address for port A was changed from 8001 hexa¬ 
decimal to 8100 hexadecimal, and for port C from 8003 hexadecimal to 
8102 hexadecimal. 
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The preceding change resulted in the ability to output correctly 
through ports A and C but when an attempt was made to read from port B 
or the RAM located in the 8155 the information on bit A/D o was not 
accessible. This was caused because the previous addition of the NAND 
gate in the A/D 0 line prevented signal flow on this line from the 8155 
to the data bus. In order to correct this problem two tri-state buffers 
were added to bypass the NAND gate during read operations. See 
Appendix A. 

After the above corrections were made and a short between two 
socket pins had been found and eliminated, the system worked well and 
provided intelligible output of the test vocabulary. However, entry of 
the number zero or a repeat entry of the ENTER caused the program to 
malfunction. The program was corrected to allow for entry of zero, and 
modified to provide for a repeat of the previously entered word or 
phrase by another entry of the ENTER key. The repeat was cancelled by 
the entry of any other key. 

The new and final program version (see Appendix C) was then 
checked out and found acceptable. Several new words were programmed 
into the vocabulary for familiarization of the investigator with the 
phoneme coding process. The entire hardware/software system was then 
considered to be successful. 
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SUMMARY AND CONCLUSIONS 

During the course of this project a hardware circuit was 
designed and constructed to connect with and support the Intel 8086 
microprocessor in controlling the Votrax SC-01 speech synthesizer. 
Although some problems were encountered during the check out phase of 
the project these were successfully overcome. The program, written in 
Intel 8086 assembly language, was debugged and worked as designed to 
provide the appropriate series of phoneme codes to produce an intelli¬ 
gible vocal output in response to a numerically selected input. The 
completed system was demonstrated to function as intended and proved 
that the Intel 8086 could be utilized to operate a Votrax SC-01 speech 
synthesizer to provide a substitute voice for the speech handicapped. 

The construction and operation of the system, however, proved 
to be somewhat difficult because of the use of a 16 bit microprocessor 
to provide an 8 bit output to the SC-01. The best example of this is 
the extra circuitry and program modifications required to get the data 
on the lower byte when the odd port addresses were needed. The Intel 
8086 also requires several support circuits, such as the clock generator 
and address latches, in order to have minimal function. Added to this 
is the extra RAM required to store the higher order byte of address 
during stack operations. These requirements added 5 integrated circuits 
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to the design to support the 16 bit system. Since only eight bits of 
data are required, and speed is of little consideration in this applica¬ 
tion, the Intel 8086 has much more capability than is needed and creates 
a much larger system than would otherwise be necessary. 

The program written to operate this system is not as efficient 
as it could be, since no effort was made in that direction. The object 
of this project was to develop a working system to verify that the 
Votrax SC-01 could be operated by an Intel 8086 based dedicated micro¬ 
computer. An experienced programmer should be able to make many improve¬ 
ments in the program to increase the efficiency and especially reduce 
the lines of code required. Reduced code requirements would of course 
allow for an increase in the vocabulary capacity of the system. 

While the system does work, it is very large in terms of the 
number of parts (power consumption) required and cumbersome in operation 
because of the 16 bit operation. The trend in microcircuit technology 
is towards more circuitry in a single package, and several multi-function 
circuits are becoming available. Some of these contain a microprocessor, 
RAM, I/O and some even have EPROM capability all in the same integrated 
circuit. The control program used in this project should be readily 
adaptable to some other type of hardware, since the functions would be 
essentially the same. Because of this and the lower number of components 
required, it should be fairly simple to adapt one of the new multi¬ 
function microprocessor circuits to this application utilizing only 
three or four integrated circuits. 
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